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SUSTAINABLE AGRICULTURE

A global perspective, why we need a greener 
agriculture?

“I am a photosynthesis manager and an ecosystem-
service provider”. This profound statement was made by 
a Swedish farmer some years ago (Wratten, 2018). Few 
farmers describe their occupation in this way. However, 
there is a major body of work giving substantial evi-
dence that current high-input farming (Figure 1) has 
no future without changes to its approach (Pretty et al., 
2018). One reason for this view is that agriculture is one 
of the main causes of climate disturbance, largely dri-

ven by changes in land-use practices (Bennetzen et al., 
2016). The main consequence has been biodiversity loss 
(Sala et al., 2000). A very worrying example of this is that 
human activities have made 60% of mammal, bird, fish 
and reptile species extinct since 1970, as consumption 
of food and resources by the global human population 
has de-stabilised the ‘web of life’ (Carrington and Watts, 
2018). In more scientific language, we are losing ecosys-
tem functions provided by nature at an alarming rate 
and with that, ecosystem (nature’s) services are decli-
ning rapidly. Examples are declines in pollination, preda-
tion of pests and soil services. The seriousness of these 
losses was recently reported by workers at the Univer-
sity of Sheffield, UK, who predicted that Britain has only 
100 harvests remaining before that country’s soils are 
no longer suitable for growing crops (Dunnett, 2014). 

Compounding the above threats to future farming 
was the evidence found by Vitousek et al. (1997), who 
showed that half the nitrogen circulating in the earth’s 
fresh and salt water, soil and atmosphere is anthropo-
genic. This means that it is based on the use of fossil 
fuels and put there indirectly by mankind. In fact, we 
are now considered to be living in the Anthropocene in 
which man’s activities are affecting the earth at a global 
scale (Zalasiewicz et al., 2010). World population has 
risen 2.5-fold since 1960 and yet per-capita food pro-
duction has grown by only 50% over the same period 
(Tilman, 1999). Achieving that growth in food produc-

Figure 1.	 The ‘perfect monoculture’. Here, lettuce is used as an example. Canterbury, New Zealand. Photo: Alistair Pullin.
Figura 1.	 El ´monocultivo perfecto´. Aquí, lechuga se utiliza como un ejemplo. Canterbury, Nueva Zelanda. Foto: Alistair Pullin.
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tion through orthodox agricultural practices has been 
the largest cause of greenhouse-gas emissions, gross 
consumptive over-use of fresh water, loading of nu-
trients into the biosphere (nitrogen and phosphorus) 
and a major cause of pollution due to pesticides (Cam-
pbell et al., 2017).

Predictions for future production and its negative 
consequences are dire, so a new approach is sorely ne-
eded. In fact, De Schutter (2010), reported to the Uni-
ted Nations that if agroecology was adopted by major 
food-producing nations, global food yields would dou-
ble in one decade. “Business as usual” cannot possibly 
achieve that. Recognising this, there is a high and in-
creasing level of interest in ‘sustainable intensification’ 
(Bommarco et al., 2013), which can be perceived as a 
transitional step towards an agroecological system 
because it uses ecological principles to promote agro-
ecosystem sustainability (Struik and Kuyper, 2017). 
This apparently oxymoronic statement has to a large 
extent been supplanted by the term ‘regenerative agri-
culture’, which is partly based on restoring ecological 
functions by promoting functional biodiversity in de-

graded agricultural landscapes (LaCanne and Lund-
gren, 2018). Thus, the principles behind regenerative 
agriculture include abandoning tillage, eliminating 
spatio-temporal consequences of bare soil, enhancing 
plant diversity on the farm and integrating livestock 
and crops in farm operations (LaCanne and Lundgren, 
2018). In this sense, regenerative agriculture could be 
considered as a connected series of agricultural prac-
tices that can be applied in agroecological farming 
systems (Figure 2). The latter framework goes beyond 
enhancing only production and efficiency in farms by 
seeking a paradigm shift in the conception and deve-
lopment of the whole food web involved in conventio-
nal agricultural systems, from an economic, social and 
ecological perspective (Dumont et al., 2018; Gliessman, 
2018). Thus, agroecology has been defined as the “eco-
logy of food systems” (Francis et al., 2003).

Pretty et al. (2018), recently estimated that 163 
million farms (29% of all worldwide) have crossed a 
redesign threshold, practising sustainable intensifica-
tion on 453 million hectares of agricultural land (9% 
of worldwide total). The implications of this are pro-

Figure 2.	 A diversified agroecological farm. Santa Cruz, California. Photo: Mauricio González-Chang.
Figura 2.	 Una granja agroecológica diversificada. Santa Cruz, California. Foto: Mauricio González-Chang.
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found but the key challenge is the development of im-
plementation pathways to help farmers effect changes 
of this type. It would not be an exaggeration to say that 
most insecticides, fungicides, herbicides and fertilisers 
are wasted worldwide, with obvious economic, social 
and environmental implications. Recent evidence of 
this comes from the work of LaCanne and Lundgren 
(2018), who showed that corn (maize) treated with 
insecticides had approximately 130 pest individuals 
m-2, while that crop in which some form of regenera-
tive agriculture had been practised (but no insectici-
des used) had fewer than 20 pests m-2. The importan-
ce of this dramatic and surprising result is reinforced 
by another recent publication by Fausti et al. (2018), 
which showed that insecticide use on genetically mo-
dified corn in South Dakota, USA, has increased since 
1969 even though the GM corn used was intended to 
reduce numbers of some pests. This increase in insecti-
cide use was derived largely from an increasing relian-
ce on monocultural corn rather than mixed-cropping 
agriculture. Such increases can lead to insecticide re-
sistance so that some insect species can assume pest 
status which would not be the case if pesticides were 
not used. A key example is the brown plant hopper 
(Niliparvata lugens Stål) on rice which did not have 
pest status until prophylactic pesticide use became the 
norm (K.L. Heong in Gurr et al., 2016). 

Now, broad-spectrum pesticides are being sold as 
‘fast-moving consumer goods’ in many Asian rural out-
lets, together with food and other items. In some parts 
of Asia, the level of farmers’ education is so low that 
they are unable to decide on the merits or otherwise 
of these products (Wyckhuys et al., 2018), which are 
promoted widely by pesticide companies (Reganold 
and Wachter, 2016). Because of this approach, K.L. 
Heong (personal communication) considers that inte-
grated pest management (IPM) is “dead” in many cou-
ntries. One reason for this is that the first step in any 
IPM approach is crop scouting in which pest numbers 
are assessed regularly, ideally in relation to economic 
injury levels (EILs). Many governments worldwide no 
longer support this activity so EILs do not exist and 
prophylaxis often takes their place as a consequence.

The above information presents a serious challenge 
to feeding the human population now and in the futu-
re. Developed countries frequently express their wish 
to help feed those impoverished populations but apart 
from famine situations, exporting food in bulk is not an 
appropriate solution. An alternative approach is expor-
ting agricultural knowledge to these countries but if 
this implies sending established ‘western’ methods to 
the developing world, this will compound existing pro-
blems. Using farmer field schools (Amudavi et al., 2009), 
farmer to farmer strategies (Holt-Giménez, 2008), agro-
ecological lighthouses (Nicholls and Altieri, 2018), and 
other ways of communicating and implementing chan-

ge through agroecology is the only approach with good 
prospects for mitigating hunger in the long term (War-
ner, 2006; De Schutter, 2010). The aim of this view-
point is to discuss potential barriers for a widespread 
adoption of agroecological principles that can enhance 
functional biodiversity in large-scale farming systems 
in Chile, through regenerative agriculture.   

Can regenerative agriculture be widely adopted in 
Chile?

Agriculture in Chile is the second-most relevant 
primary economic activity after mining, contributing 
to 7.3% to GDP, in which the production of fruits, ve-
getables, wheat, milk, meat and wine are the most im-
portant (ODEPA, 2017). As in many parts of the world, 
a high proportion of the Chilean agricultural area is do-
minated by monocultures that have a profound impact 
on the environment and human health. For example, in 
Petorca, Valparaiso region, the monocultural produc-
tion of avocado has been using water from rivers at un-
precedented rates, with consequences from not only a 
hydrological and ecological perspective, but also from 
a social and ethical one where the quantity of availa-
ble water for human consumption has been reduced 
(https://www.theguardian.com/environment/2018/
may/17/chilean-villagers-claim-british-appetite-for-
avocados-is-draining-region-dry). This could be ter-
med ‘consumptive agriculture’. In the latter example, 
regenerative agriculture could increase water availa-
bility in soils by enhancing functional biodiversity, as 
demonstrated in different parts of the world where 
biodiversity has been promoted (Lin, 2010; Wratten et 
al., 2012; Altieri et al., 2015). Furthermore, from Valpa-
raiso to the Maule region, some farms that grow vege-
tables as monocultures spray synthetic agro-chemicals 
up to 12 times season-1 (González-Chang, personal ob-
servation). This un-regulated use of agro-chemicals se-
verely damages human health, as recently highlighted 
by scientists that found cognitive alterations of agri-
culture and non-agriculture workers related to orga-
nophosphate applications in the Maule region (Muñoz-
Quezada et al., 2017; Pizarro et al., 2018). Regenerative 
agriculture can reduce the need for pesticide use in pest 
control (LaCanne and Lundgren, 2018) by the addition 
of non-crop vegetation, such as flowering plants that 
provide shelter, nectar, alternative food sources for 
natural enemies and pollen (SNAP) (Gurr et al., 2017; 
González-Chang, et al., 2019), as recently demonstra-
ted in Asian rice fields (Gurr et al., 2016). Moreover, 
industrialised livestock production of pigs and poultry 
in the central area of Chile (mainly in the O’Higgins re-
gion) is currently in question by environmental organi-
zations, municipalities and the public, especially when 
considering aspects of human wellbeing related to un-
pleasant odours and water scarcity produced by such 
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an industrialised activity (http://www.magisteren-
periodismo.com/reportajes2018/tag/empresas-que-
contaminan/). Through enhancing functional biodiver-
sity to pastures, regenerative agriculture can increase 
pasture resistance to climatic changes, such as drought 
(Tilman et al., 2006; Altieri et al., 2015) and provide 
multiple ecosystem services, which in turn can enhan-
ce animal and human wellbeing (Dumont et al., 2018). 
In New Zealand, establishing plants of Miscanthus x 
giganteus Greef et Deu, at the edge of pasture fields 
improved several ecosystem services, such as pollina-
tion, water conservation, biomass production, nitrogen 
supply, soil quality and conservation of endemic lizards 
(Littlejohn et al., 2019). That Miscanthus work, as well 
as successful examples presented in recent research 
(Gurr et al., 2016, 2017; LaCanne and Lundgren, 2018; 
Nicholls and Altieri, 2018; González-Chang et al., 2019; 
Shields et al., 2019), could inspire Chilean agronomists, 
farmers, scientists and policy makers to promote bio-
diversity-based agricultural systems. However, such 
implementation is not just a matter of “copy and paste” 
of techniques but requires an understanding of the eco-
logical dynamics and potential ecosystem dis-services 
that any agricultural management could have. There-
fore, the lack of widespread adoption of biodiversity-
based farming techniques in Chile and elsewhere is 
probably related to a lack of ecological protocols that 
farmers can easily apply. Thus, one of the impediments 
that affects the creation of these protocols is that lo-
cally tested scientific knowledge that farmers can ea-
sily apply is usually unavailable (González-Chang et 
al., 2019; Shields et al., 2019). Once research is able to 
produce applied ecological protocols for conventiona-
lly managed farms, and when adequate channels that 
spread that knowledge amongst farmers exist, such as 
farmer field schools, farmer to farmer strategies and 
agroecological lighthouses, regenerative agriculture 
can truly help in producing a change in conventional 
Chilean agricultural systems, from monoculture to di-
versified agroecosystems. A remarkable example of 
agroecological lighthouses (i.e., an agroecological de-
monstrative farm) in Chile is the experience carried 
out by CET (Centro de Educación y Tecnología), a non-
governmental organisation (NGO) that since the 1980s 
has been promoting agroecological practices amongst 
small farmers enhancing they self-sufficiency and food 
sovereignty (Nicholls and Altieri, 2018). In the last 20 
years, more than 130,000 people had visited CET in 
the Biobío region, 85% of which have been small far-
mers, highlighting the key role of this agroecological 
lighthouse in spreading agroecological knowledge in 
Chile (Nicholls and Altieri, 2018). Several initiatives 
to promote agroecology in Chile have been carried out 
since CET started, from NGOs and social movements, 
to universities and the government in recent years 
(Montalba et al., 2016). However, despite the enormous 

advance of agroecology in Chile that has mainly bene-
fited small farmers, there is still a lack of adoption of 
such techniques amongst large-scale farmers. Despite 
that a small number of vineyard and berry companies 
have adopted agroecological principles on their farms 
(Montalba et al., 2016), a lack of a widespread adop-
tion amongst large-scale farmers is possibly by politi-
cal reasons, pressures from agro-chemical companies, 
and driven by a historical interest for studying mono-
cultural systems by Chilean universities, as has been 
seen elsewhere as well (Reganold and Wachter, 2016). 
Because agroecology has an ideological and political 
component amongst its roots (Wezel et al., 2009), it 
may deter some farmers with different political incli-
nations in its adoption. Thus, regenerative agriculture 
can be considered as a network of practices based on 
enhancing farm biodiversity and ecosystem functions, 
and then, it can help at reducing the environmental and 
human health problems that Chilean workers and far-
mers face without making a profound change in large-
scale farmers’ political ideals. This could be the first 
step to change Chile’s current industrialised agricultu-
ral paradigm.  

Finally, basic scientific research is not the only way, 
when it is applied, in which agriculture in Chile can 
changed, especially considering that Chilean funds to 
perform scientific research are only 0.36 % of GDP, the 
lowest investment in science amongst OCDE countries 
(http://www.oecd.org/sti/inno/researchanddevelop-
mentstatisticsrds.htm). Under this scenario, producing 
enough agro-ecological protocols for all the different 
growing regions in Chile is a challenge that must also 
be faced by the government, policy makers and stake-
holders. Therefore, a paradigm shift from conventional 
to regenerative agriculture and then to agroecology 
needs to articulate different parts of society, so these 
changes are not only produced by particular ecological 
protocols but also by a change in how food production, 
from the soil to the consumer, is perceived and valued 
amongst the public (Francis et al., 2003; Gliessman, 
2018). Thus, such a paradigm shift can be jointly led 
by Chilean universities, farmers, consumers and the go-
vernment, effectively promoting substantial changes in 
Chilean agricultural systems, a change which is sorely 
needed for Chilean agriculture to meet the major cha-
llenges facing global agriculture in the coming decades.

REFERENCES 

Altieri, M.A., Nicholls, C.I., Henao, A., Lana, M.A., 2015. Agroeco-
logy and the design of climate change-resilient farming 
systems. Agronomy for Sustainable Development 35 (3), 
869–890. https://doi.org/10.1007/s13593-015-0285-2

Amudavi, D.M., Khan, Z.R., Wanyama, J.M., Midega, C.A.O., 
Pittchar, J., Hassanali, A., Pickett, J.A., 2009. Evalua-
tion of farmers’ field days as a dissemination tool for 

4 SUSTAINABLE AGRICULTURE

http://www.magisterenperiodismo.com/reportajes2018/tag/empresas-que-contaminan/
http://www.magisterenperiodismo.com/reportajes2018/tag/empresas-que-contaminan/
http://www.magisterenperiodismo.com/reportajes2018/tag/empresas-que-contaminan/
http://www.oecd.org/sti/inno/researchanddevelopmentstatisticsrds.htm
http://www.oecd.org/sti/inno/researchanddevelopmentstatisticsrds.htm
https://doi.org/10.1007/s13593-015-0285-2


push-pull technology in Western Kenya. Crop Protec-
tion 28 (3), 225–235. https://doi.org/10.1016/j.cro-
pro.2008.10.008

Bennetzen, E.H., Smith, P., Porter, J.R., 2016. Decoupling of 
greenhouse gas emissions from global agricultural 
production: 1970- 2050. Global Change Biology 22 (2), 
763–781. https://doi.org/10.1111/gcb.13120

Bommarco, R., Kleijn, D., Potts, S.G., 2013. Ecological intensifi-
cation: harnessing ecosystem services for food security. 
Trends in Ecology & Evolution 28 (4), 230–238. https://
doi.org/10.1016/j.tree.2012.10.012

Campbell, B.M., Beare, D.J., Bennett, E.M., Hall-Spencer, J.M., 
Ingram, J.S.I., Jaramillo, F., Ortiz, R., Ramankutty, N., Sa-
yer, J.A., Shindell, D., 2017. Agriculture production as a 
major driver of the Earth system exceeding planetary 
boundaries. Ecology and Society 22 (4), 8. https://doi.
org/10.5751/ES-09595-220408

Carrington, D., Watts, J., 2018. The age of extinction. The 
Guardian 119 (23), 10–14.

De Schutter, O., 2010. Report submitted by the special rap-
porteur on the right to food. General Assembly, United 
Nations. https://www2.ohchr.org/english/issues/
food/docs/A-HRC-16-49.pdf

Dumont, B., Groot, J.C.J., Tichit, M., 2018. Make ruminants 
green again - How can sustainable intensification 
and agroecology converge for a better future? Ani-
mal 12 (S2), s210–s219. https://doi.org/10.1017/
S1751731118001350

Dunnett, N., 2014. Only 100 harvests left in UK farm soils, 
scientists warn. https://www.fwi.co.uk/news/environ-
ment/only-100-harvests-left-in-uk-farm-soils-scien-
tists-warn

Fausti, S., Kolady, D.E., Van der Sluis, E., Lundgren, J., Qasmi, 
B.A., 2018. Extensive usage of insecticide and changing 
crop rotation patterns: a South Dakota case study. PLoS 
ONE 13 (11), e0208222. https://doi.org/10.1371/jour-
nal.pone.0208222

Francis, C., Lieblein, G., Gliessman, S., Breland, T.A., Creamer, 
N., Harwood, R., Salomonsson, L., Helenius, J., Rickerl, 
D., Salvador, R., Wiedenhoeft, M., Simmons, S., Allen, 
P., Altieri, M., Flora, C., Poincelot, R., 2003. Agroecolo-
gy: the ecology of food systems. Journal of Sustainable 
Agriculture 22 (3), 99–118. https://doi.org/10.1300/
J064v22n03_10

Gliessman, S., 2018. Transforming our food systems. Agro-
ecology and Sustainable Food Systems 42 (5), 475–476. 
https://doi.org/10.1080/21683565.2018.1412568

González-Chang, M., Tiwari, S., Sharma, S., Wratten, S., 2019. 
Habitat management for pest management: limitations 
and prospects. Annals of the Entomological Society of 
America 112 (4), 302–317. https://doi.org/10.1093/
aesa/saz020

Gurr, G.M., Lu, Z., Zheng, X., Xu, H., Zhu, P., Chen, G., Yao, X., 
Chen, J., Zhu, Z., Catindig, J.L., Villareal, S., Chien, H.V., 
Cuong, L.Q., Chanoo, C., Chengwattana, N., Lan, L.P., 
Hai, L.H., Chaiwong, J., Nicol, H. I., Perovic, D.J., Wrat-
ten, S.D., Heong, K.L., 2016. Multi-country evidence that 
crop diversification promotes ecological intensifica-
tion of agriculture. Nature Plants 2, 16014. https://doi.
org/10.1038/nplants.2016.14

Gurr, G., Wratten, S.D., Landis, D.A., You, M., 2017. Habi-

tat management to suppress pest populations: pro-
gress and prospects. Annual Review of Entomology 
62, 91–109. https://doi.org/10.1146/annurev-en-
to-031616-035050

Holt-Giménez, E., 2008. Campesino a campesino. Voces de La-
tinoamérica. Movimiento campesino a campesino para 
la agricultura sustentable. SIMAS, Managua, Nicaragua. 
https://www.socla.co/wp-content/uploads/2014/
cambpesino-a-campesino.pdf

LaCanne, C., Lundgren, J., 2018. Regenerative agriculture: 
merging farming and natural resource conservation 
profitably. PeerJ 6, e4428. https://doi.org/10.7717/
peerj.4428

Lin, B.B., 2010. The role of agroforestry in reducing water 
loss through soil evaporation and crop transpiration in 
coffee agroecosystems. Agricultural and Forest Meteo-
rology 150 (4), 510–518. https://doi.org/10.1016/j.
agrformet.2009.11.010

Littlejohn, C., Hoffmann, R., Wratten, S., 2019. Delivery of 
multiple ecosystem services in pasture by shelter crea-
ted from the hybrid sterile bioenergy grass Miscanthus 
x giganteus. Scientific Reports 9, 5575. https://doi.
org/10.1038/s41598-019-40696-2

Montalba, R., Infante, A., Contreras, A., Vieli, L., 2016. Agro-
ecología en Chile: precursores, pioneros y su legado. 
Agroecología 11 (2), 69–76.

Muñoz-Quezada, M.T., Lucero, B., Iglesias, V., Levy, K., Muñoz, 
M.P., Achú, E., Cornejo, C., Concha, C., Brito, A.M., Villalo-
bos, M., 2017. Exposure to organophosphate (OP) pes-
ticides and health conditions in agricultural and non-
agricultural workers from Maule, Chile. International 
Journal of Environmental Health Research 27 (1), 82–
93. https://doi.org/10.1080/09603123.2016.1268679

Nicholls, C.I., Altieri, M.A., 2018. Pathways for the amplifica-
tion of agroecology. Agroecology and Sustainable Food 
Systems 42 (10), 1170–1193. https://doi.org/10.1080/
21683565.2018.1499578

Oficina de Estudios y Políticas Agrarias (ODEPA), 2017. Pa-
norama de la agricultura chilena. Ministerio de Agricul-
tura, Santiago, Chile, pp. 1–141. https://www.odepa.
gob.cl/wp-content/uploads/2017/12/panoramaFina-
l20102017Web.pdf

Pizarro, Á.G., Achú, E., Muñoz-Quezada, M.T., Lucero, B., 2018. 
Exposición a plaguicidas organofosforados y polineuro-
patía periférica en trabajadores de la Región del Maule, 
Chile. Revista Española de Salud Pública 92, e1–e10.

Pretty, J., Benton, T.G., Bharucha, Z.P., Dicks, L.V., Flora, C.B., 
Godfray, H.C.J., Goulson, D., Hartley, S., Lampkin, N., Mo-
rris, C., Pierzynski, G., Prasad, P.V., Reganold, J., Rock-
ström, J., Smith, P., Thorne, P., Wratten, S., 2018. Global 
assessment of agricultural system redesign for sustai-
nable intensification. Nature Sustainability 1, 441–446. 
https://doi.org/10.1038/s41893-018-0114-0

Reganold, J.P., Wachter, J.M., 2016. Organic agriculture in the 
twenty-first century. Nature Plants 2, 15221. https://
doi.org/10.1038/NPLANTS.2015.221

Sala, O.E., Chapin III, F.S., Armesto, J.J., Berlow, E., Bloomfield, 
J., Dirzo, R., Huber-Sanwald, E., Huenneke, L.F., Jack-
son, R.B., Kinzig, A., Leemans, R., Lodge, D.M., Mooney, 
H.A., Oesterheld, M., Poff, N.L., Sykes, M.T., Walker, B.H., 
Walker, M., Wall, D.H., 2000. Global biodiversity scena-

...

5SUSTAINABLE AGRICULTURE

https://doi.org/10.1016/j.cropro.2008.10.008
https://doi.org/10.1016/j.cropro.2008.10.008
https://doi.org/10.1111/gcb.13120
https://doi.org/10.1016/j.tree.2012.10.012
https://doi.org/10.1016/j.tree.2012.10.012
https://doi.org/10.5751/ES-09595-220408
https://doi.org/10.5751/ES-09595-220408
https://www2.ohchr.org/english/issues/food/docs/A-HRC-16-49.pdf
https://www2.ohchr.org/english/issues/food/docs/A-HRC-16-49.pdf
https://doi.org/10.1017/S1751731118001350
https://doi.org/10.1017/S1751731118001350
https://www.fwi.co.uk/news/environment/only-100-harvests-left-in-uk-farm-soils-scientists-warn
https://www.fwi.co.uk/news/environment/only-100-harvests-left-in-uk-farm-soils-scientists-warn
https://www.fwi.co.uk/news/environment/only-100-harvests-left-in-uk-farm-soils-scientists-warn
https://doi.org/10.1371/journal.pone.0208222
https://doi.org/10.1371/journal.pone.0208222
https://doi.org/10.1300/J064v22n03
https://doi.org/10.1080/21683565.2018.1412568
https://doi.org/10.1038/nplants.2016.14
https://doi.org/10.1038/nplants.2016.14
https://doi.org/10.1146/annurev-ento-031616-035050
https://doi.org/10.1146/annurev-ento-031616-035050
https://www.socla.co/wp-content/uploads/2014/cambpesino-a-campesino.pdf
https://www.socla.co/wp-content/uploads/2014/cambpesino-a-campesino.pdf
https://doi.org/10.7717/peerj.4428
https://doi.org/10.7717/peerj.4428
https://doi.org/10.1016/j.agrformet.2009.11.010
https://doi.org/10.1016/j.agrformet.2009.11.010
https://doi.org/10.1038/s41598-019-40696-2
https://doi.org/10.1038/s41598-019-40696-2
https://doi.org/10.1080/09603123.2016.1268679
https://doi.org/10.1080/21683565.2018.1499578
https://doi.org/10.1080/21683565.2018.1499578
https://www.odepa.gob.cl/wp-content/uploads/2017/12/panoramaFinal20102017Web.pdf
https://www.odepa.gob.cl/wp-content/uploads/2017/12/panoramaFinal20102017Web.pdf
https://www.odepa.gob.cl/wp-content/uploads/2017/12/panoramaFinal20102017Web.pdf
https://doi.org/10.1038/s41893-018-0114-0
https://doi.org/10.1038/NPLANTS.2015.221
https://doi.org/10.1038/NPLANTS.2015.221


rios for the year 2100. Science 287 (5459), 1770–1774. 
https://doi.org/10.1126/science.287.5459.1770

Shields, M., Johnson, A., Pandey, S., Cullen, R., González-Chang, 
M., Wratten, S., Gurr, G., 2019. History, current situation 
and challenges for conservation biological control. Bio-
logical Control 131, 25–35. https://doi.org/10.1016/j.
biocontrol.2018.12.010

Struik, P.C., Kuyper, T.W., 2017. Sustainable intensification in 
agriculture: the richer shade of green. A review. Agro-
nomy for Sustainable Development 37, 39. https://doi.
org/10.1007/s13593-017-0445-7

Tilman, D., 1999. Global environmental impacts of agricul-
tural expansion: the need for sustainable and efficient 
practices. Proceedings of the National Academy of Scien-
ces of the United States of America 96 (11), 5995–6000. 
https://doi.org/10.1073/pnas.96.11.5995

Tilman, D., Reich, P.B., Knops, J.M.H., 2006. Biodiversity and 
ecosystem stability in a decade-long grassland experi-
ment. Nature 441, 629–632. https://doi.org/10.1038/
nature04742

Vitousek, P.M., Mooney, H.A., Lubchenco, J., Melillo, J.M., 1997. 
Human domination of Earth’s ecosystems. Science 
277 (5325), 494–499. https://doi.org/10.1126/scien-
ce.277.5325.494

Warner, K.D., 2006. Agroecology in action: extending alterna-
tive agriculture through social networks. The MIT Press, 
Massachusetts, United States.

Wezel, A., Bellon, S., Doré, T., Francis, C., Vallod, D., David, 
C., 2009. Agroecology as a science, a movement and a 
practice. A review. Agronomy for Sustainable Deve-
lopment 29 (4), 503–515. https://doi.org/10.1051/
agro/2009004

Wratten, S., 2018. It´s time to change farming. NZ Farmers 
Weekly 17 (36), 31.

Wratten, S.D., Gillespie, M., Decourtye, A., Mader, E., Desneux, 
N., 2012. Pollinator habitat enhancement: benefits to 
other ecosystem services. Agriculture, Ecosystems & 
Environment 159, 112–122. https://doi.org/10.1016/j.
agee.2012.06.020

Wyckhuys, K.A.G., Bentley, J.W., Lie, R., Nghiem, L.T.P., Fredrix, 
M., 2018. Maximizing farm-level uptake and diffusion 
of biological control innovations in today’s digital era. 
BioControl 63 (1), 133–148. https://doi.org/10.1007/
s10526-017-9820-1

Zalasiewicz, J., Williams, M., Steffen, W., Crutzen, P., 2010. 
The new world of the Anthropocene. Environmental 
Science and Technology 44 (7), 2228–2231. https://doi.
org/10.1021/es903118j

Wratten et al. / Agro Sur 47(2): 1-6, 2019

6 SUSTAINABLE AGRICULTURE

https://doi.org/10.1126/science.287.5459.1770
https://doi.org/10.1016/j.biocontrol.2018.12.010
https://doi.org/10.1016/j.biocontrol.2018.12.010
https://doi.org/10.1007/s13593-017-0445-7
https://doi.org/10.1007/s13593-017-0445-7
https://doi.org/10.1073/pnas.96.11.5995
https://doi.org/10.1038/nature04742
https://doi.org/10.1038/nature04742
https://doi.org/10.1126/science.277.5325.494
https://doi.org/10.1126/science.277.5325.494
https://doi.org/10.1051/agro/2009004
https://doi.org/10.1051/agro/2009004
https://doi.org/10.1016/j.agee.2012.06.020
https://doi.org/10.1016/j.agee.2012.06.020
https://doi.org/10.1007/s10526-017-9820-1
https://doi.org/10.1007/s10526-017-9820-1

